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^-fr^-^- wfl^m s-f 3^3*1 € °1^ol f .^-7l Bfl^l'ig ^eflojfif ^s.s|.oi 
x\ 4_ o]z])o]st\- $x&#x\ £)£eKl ^ 3^*1 #3HH #7] e] 
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^tt^^I ^l-E-Bl, ^^{Ferroelectric memory device} 

. H 2^r 7l £*j<y FRAM ^ ^2.. 
S. 3£r FRAM &)H ^H^-V.. 

£ 4-b ^- £|tr FRAM 2] Y^-s- M-tl-Ml^ 

£.5fe -g- ^ FRAM^14 "11 ii^ € ir^-^ 

.v. cS-Jl- 44- -1 3£#€ v))9l v)B?\9l ^} ^ "11 

°J *1U € -S-^l A oMl -7 ^ .£ . 

5. 9 . ^ 2. 10£ £ filtb FRAM^T e^-o] ^ ^ s^. eH^ic 

£ 11# ^ofl fil^ FRAM^l *\ e^^l 4. tMI y o v ^^r ^4 

. -£ 12fe £ £]*r «UMKK folded bit line ) ^s] Till 23: Bi 3^ 

2 13^r £ H til- ^ (open bit line) *fll ^ H^'cH 
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H 14 U £ 15fe 3.$ ^ -t ^ .^2 ^ E^^l 

^ o^H^ ^A]ofl^. ^vflfe ^5.. 

H 16 ^ E 17£ SI 3b i-f 3^*1 4 efl °1 ^ *fl2 ^ 3^*1 

4g o] ull o] a) 4 2 ^Hl» M-Efiflfe 

S. 18 ^ £ 19^ £ ^ m-f ^£^1 4 °13H ^ ^2 ^ 3^*1 

» 

/| cHeflo]^ ^13 ^aHi- q-Ej-tfl^- ^5L. 

£ 20 ^ 5L 2l£ £ 31^*1 € 'Hell 0 ! ^ *Q2 ^ ^££^1 

f °i3l°l^ *ll4 ^ a| a|l ^ i4E}ifl^ Y^i. 

JE 22 ^ i 23^ ^^11 ^.-f 3^*1 4 °13H ^ ^2. ^ 3^*1 
f o] E flo]^ ^Ajofll- u}EfuH^ 

[^o] .v. 3 ] 

> 

<19> °JtiV^^.^. #-fh*l*]] ^, FRAMCFerroelectric Random Access Memory)^ 

DRAM(Dynamic Random Access Memory) cflolE^e) £ji ^i^L^I £.= (Qff) 
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<20> FRAMvr DRAMS]- 7\$\ fr4^ 5fe 7]^^>^M| -7l| sfl a] e] .0] i 5-3. #-f r ^ ^ 

1- 4-§-*H #-fr#*113 s-^o] ^ #^g- ol-g-*! 3Jo|i}. ol^ ^ £^ 

^0.3. o]^ ^ 71 *H ^SL C-flolEi7l- *1^*1*1 ^ 3MtK 

<21> £ 1-e- ^^ol 7^o.^^ol ^^EflslA]^ v+Bftfl ^°14. HH^14 

#7H <^fl -^-71^ ^Tfll- 7} #ff- 7>>%.^)^ ^flJL 

<22> j£ 2fe #-?}- ?! *fl °11 -S.a)^ ?H 1M- -£2^1 5La}& 44 

^AS. tflB^CBLH ^Aj^jji, ylBei-oiBi. je^s}^ ^se^WLH 
-H, ^l^KH) o^^j. 713-^ ^ji ^5^>o]4 ^ 4i 7 v #^0.5. #eflo]H e}-oi(PL)ol 
^^£jjL, TflolE^ 4^011 o|^5lj7 H1BS1-9J^ 3 £33^ ^31*1^(T1) 

71- ^A^slj7 - cf^ ^ ^)]1 ^^>7> H^^liEi(Tl)^ H.3l<yofl ^^l-H *fl2 #4tt 1- 
eflolH 5}o]oll ^^Sl^S 7J-^^^1 7flsflAlEl(FCl)7> ^£4. 

<23> oi^ ^ 7<Mr^l pfls-el d^S) cfloiE^ <g#^ ^£ ^4. -£3a^ # 

-a-^xfl nfl2.El ^°)B. S.^C Write Mode)^j eH^S 0 ^, £ 3b 

^ E|:= £H (Read Mode) ^ 40^1 ;£o]4. 

<2 4> ii 3a°H ilA^ El-Ol H£. A|^^ i 5>l-^-<HlAi ^7>^fe- $ <?1 ofl M. 

^lx(CSBpad)7> 5>ol(Hi g h)^Ai ^.^-(Low)^ #^^-5]Ji, -§-aH1 e]-o]e ojoflol^- a]^ 
(WEBpad)l- *r°HH s-fs °J7H>^ Efc-lH 2-H7> a] ^4. e^e £..el^H 

^^.efl^ ^3.^°} Al^S]^ <5fl# ^lliil-olo)l ol 7 >Sl^ %^7\ "5.-f"°lH »sH"S ^o] 

£]0l ^Oj AluH^q., 
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s-?-" ^J:# ^17>^H ^^l^lfe "*}°V ^1^1- <y7]-t!-4. 

<26> iq-g-^^ H3b^l £^ s]£ sls.^ A ^t!r4. 44°1H ^ *H'°11- ^ 

(CSBpad)l- »^ol"ollA| -^.^--s. ^M33- ^171^ *fl# $|BfcKloj ^^71 o)x\d% 3.^ 

4. ^€ €4 IHHH e^ofl "^H" aj^s. 7 o v -n-^^l 7H V ^ S. 

"1"^1 #-§-*Hr 3Me](Qs)» ^ #-fr3N ^H^H M 0"°l 

^2]ojl o^B Cf^ ^-§- #5^7fl £)<H ^1^^^^ i=- 2] 2Jt "1" £Efe "0"# #4*MI. 

Sfl^>^, Pfl0lE^7> 4434 3^ a<>114 ^4^r «fl^4. 

<29> 444, 11^4 ygj^^Y ^.c]) |Aofl 5 7} 4^ t1H47} 434 

^ ^$\°) "1»# #34^1, 0H44 443*1 #^34 

"0"# °14 4fl£ ^ = <>I14 til °1 4 1- f^tb ^Ml^r ^efl3 elM^f- 

4^444 §> S s. ^ ^sefoiofl ..^oj- Ajjr-g. 6\ 7 }$. Aj-BfloflA-l ^efloiH e^oi^. 
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<3o> m. t^oflA^ oils. »lSHl-^l-i- pll^l u1h^^1(mbl)4 ^u. 

z| i^lf- *H ^ 3^?Rr 3^ ^f- ^1-1- 

■ 

§|Mtf 7flAlf 0.5.^) El cH Dj X\ 2)^.0} S.^ol 7) £ ^! ^ello)ef ^|5}£S. ^.4 

1 • 

[^Ol 7^ ol ? ]..g.] 

<32> ; £ ^tgo)i 5^ 7j-^-^^i pflse] ^l(FRAM)^ ylH5}<yol pflo] alne]-^4 ^y. 

Wlm^^-S ?fl#5^ t 2 -^^ "11 <y A l <>13H, nflo] ^ o] ull ol 4 Aj- 7 1 pflol h|e 

A] oMH<4 Sl^clAl ^c^oj nl v\t£QX\ #eflolH ^-^^l-ul >S-7l E| 

<33> oisHH^ ?Kti*-' £ t 1 !^ ^ahhi efl*H ^Hi^i Ai^^-Cl-. 
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<34> £ % ^ t^l ^Itb 7 <KRl*ll *H5.el(FRAMH Sf"^ 4 ^^ol 

4^4. *Hs.e| € ^^lfe € ^elM(i20)4 3^3*1 *i <H^°l(i30, 140, 150) 

7} 3^44. A C A "in el- <?1 t-^H-f (IIQ)tt ^1^a1J:o|1 44 v\}<£ ^ <HtHM(120)ofl 

sll^l "1^4^14 ^ ejig^Ai <H^I 6 1(130, 140)<>11 itHS 3^*1 pfl^I w] 

<35> ^.el^^l € <H3H(130, 140)fe ^ ^ 41^(210)1- 3-fr«M s^^B 
2^(210)4 £^44, € <H ell 6 1(120)^- ^ £^ ^1^-^(210)1- 3-fr*H ^1^1 

2^(220)4 el^^H ^(210)4 ^ <?1^ (220)£ 7fl1*l_2.^. 

clHEitH^(200)l- ^-°r^-4. eJ^S ^(210)4 tflo] E ^^«-(200)fe e) 

(200)1- 3-rf?H s}44:& fc^H. o] ell °1 J r (310) 4 tl^^H, "H^lH 

» 

(220)4 ^-n-Sl^ dlol&|tf|i4(200)^ ^1^^^(230)1- ^-Pr^H ^f- c^ol 
^(300)4 <M44. 

<36> £ 5^ £ ^ <fl ^Itb ^-fr^l v\]3-x!)$) TifljE.^ ig 4jL£6j| £^-44 

tifl^l£ol4. Dflo] ^ ^eflol(i20m BEfe -2 °1#4 "11*1 «l£44 -^4 ^H-^ 

(170), £ 4« ^ ^-jl(180)# lft4. 

<37> -^tjtjAl % <H5flol(i50)^- Dfl^l ^ o^gflol (120)4 *Ht! H 1H4'?1^: ^-fr4-£ 

^ «11*144. s-f &1444 4 431°Hl^r ±^ 7^9) el'MB *)l5Le| ^o] ^j)4°l 

nfl<y ^ <H 5llol(i20)^l 5.^*4 -ioi 4^444 sll^(fail)S. 4*11 ^44 

*1 ?o V vr $r olf. cfl^l^Tll 44. 
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<38> ^ h^oU] 4 o^o^ pfloi ^ ^efloi(i20)^ $)J=aKl ^ t^Hs 4<?]* 
^-^-^-fe *)U ^ em^l 4 °13H(i30)4, s-f al^^i^l 4 <>HH(150)4 enaci 

(130)4 31*3 *fl$ ^4^ ^TrW. 

■ 

<39> Till zj^ e}<a<2Al ^ o^o]^ pflo} ^ c^eflol (120)^1 €°1 4^4^ 5)1 

9in ^44*1 SHr ^1^4. « ^ ^£a) ^ ol^o]-Vr irl-T ^ 

4. 

<4o> £ 6-8: -g- *]]<?] y)H4°J ^H^r-dio)!- 44^4. 

<41> p|o] 01^4^ ^H^llO)-^ TflolHofl ^c>|Al5:(MBPUC)7> ^^5]J1 41^^ 

3tt PM0S E ^fl^l^&lS- ^€4. ^ Hl^^ ^1^-^(110)^ "Hel44"^Hl 
<42> £ 7^. a. ^-rg^i ^ ^1<>|-^(160)«- 44^4. ^ ^ ^1^-^(160) 

^4°! ^ e^^s ^4<?14 ^^4^ H^^I^tIHe^ -7^ ^4. 

<43> £ 8 6. £L aVtgofl oj^j- pfl o] ^ o^o] -g-S-ofl ijflo] A-^y. ^ ^S.( 180 )Jl|- 

*\}°} wl^4 , y -r4 ^^^-(170)^ s]S£^4. ti^tf € l-^-(i80)^ 444 £ 
^14534. ^ «lH4«y ^4 ^-¥-(170)^ ^MH^l *)H^J:(MBLC)7} <£%s\jl ^ 
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-b Vpp b Vcc^ 91 f ?] ^ £ell9l°l "1191 Hl!iz}<yO0)2]- 9t3s]^ pmos m€*1^5. 
<44> ^^A]i(MBLC)7> Q ^-f Pflo] uIe^-oj ^c^H-(i70)^ ^o] ulHe]- 

9l(10)£l ^ ^ t"^ <^8$4. "119} «lB 491 (10)^1 #4 W1ES]-O]( 10 ) 

4gcf, pflo] ulB^-ol h.^). ^H-f-(170)^ nil'?] «lBel-9l(10)p}cf 9l?I#4: =Lxi] 

4 ^1 91 «lm49l4 V-^n -r? 3-?-^ "1191 4^491 ^} .^1^1 V-( 170)5 £^4 711 - t- 

<45> ^4 x\v a| ^s.(i80)^ 44 4i^49l(WL<m>) ^ #3HH 49l(PL<m>H 9! 

7fl4 #4 4 ^)ofl ^o.S 4-& ylB49l(20), TflojEofl ^y. 

4^491(20)4 :*lll#°l 91 7 i 4 ^191°1 nflo] tilHEl-oKioH 9t^£ ^ 3:^-§- 
NMOS B^4^4(N1), *H4^(MBSW)7l- 91^4^1 H-^l9]°l ^ NMOS 

H^l^l^tKNDSl iii 9l^^l^ £^7} ^44°1 NMOS BiS4^4(N2), tIMB 
^1 ^1^^15i(SBPD)7l- 9tl4 Ji ^efl9l°l 4B49l(20)sl aH2^^1 91^4^- £^7> 
^444 $1tt NMOS m^4^4(N3), TllolEo]! Afl^A]^(SBSW2)7> 9tl4:S 4^7> ^jd 
4B49l(SBL)4 *\}2&°\} 91^51^1 J=efl4°l ^H^lJUSBPUHl 91^4-^ NMOS H^4^ 
4(N4); ^ 7114^1 ^HAl^(SBSWl)7> 9t^4:a He1l9l°l "1191 4 S 49l(10Hl 91^4 
Jl ii7l- -HJS- 4^491(20)4 *fl2i=H 91^4^ NMOS B314^4(N5)3. ^€4. 

<46> Dflo] tilH4-9l(10)oll £~t^ 4^7l]4 a]w. tilBsl-9](20) ^1 ?114 1 

^sH^io. ^m] ^19] 4^4914 -r41- 444 A-lji ylB49l(20)4 ^4 4^-2-^- # 
H ^ &4. 4«- 4B49l(20)4 aJis^t SBSWH ^344. 
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<47> wlE^.o](20)^r #'Phg: NMOS H^^1^(N3)S) ^ aj^o] SBPD ^1JL7> 

e]^ 01^^01(20)^ ^f. a^-E 31 HjlS, 

<48> SBPU ^S^r «1 (20) oil ^-f^fl S^*}^ Aljrojcf. ^ 

<49> SBSW1, SBSW2^ SBPUSf t3}B^-^(20) a>o]o] a}^ Xf-^g: 2:^*>fe alM a}Jt 

<50> Afti. Hl£ef-«?l(20)^r NMOS H^^]^Bl(Nl)^ 7|M;E6j| of^s]^ pflol «1B^(10) 

^ <*H £H SZcf. NMOS H^^liti(Nl)^ -hi <2*Rr °f 7 4 

£M MBSWS} $ -g; 

<5i> £ 9fe £ t^^l ^FRAMS] EHm eH^S 0 !^. 

<52> t2, t.3 -7-?Kr.- #*1 ^*KU, t4 ^-i^# ^.^V .^Hl7l?tPl4. t5 T 1 

"*H" sfl^l- ^Ti^l ii, t6 31 « ^fe ^^>°14. 

<53> ^ofl 7 }S.^ Ajjrcq gfli^g. 4^-4 ^ t-fl ol ^ 7> »*M"0l 

3 ^w. t>lB5}<?l(20, SBL)S] Bfligo] 5] p. J?. NMOS B*8*l^<(NlH JL-^ 



^T^V-TlaM 3l2l^ 311-acf ^o] tilHel-<y(10, MBL) %<&°] ^7\}%^. ^^H 
«}cflS- -a S] 'iflolB|7> "S-f"°l^ A-jti. ti]E£}.o]( 2 o)^ uj-^. e^o] NMOS 

m^Al^E|(Nl)i iLS^ 3^7]. 2}-o>^ 31^^ 31 iJlCf 4^1 tilEEj-Ojdo)^ ^Oj-o] 

^7im4. °1tm*h €4 31pibi» ^ 

<54> t4 zjT.Tj.o. ^ti] 7Molcf. SBPU7> -B-^lSl^ -#3HH 

SBSW21- "*M"3. n>l-ig E^ AEl(N4)fij TlMm^ ^ Efe H sfl^l *H 7^J ^flsfl 
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X\t]o\] #*\7\ ##£4. °H t 5 ^^1^ SBPU1- "*H"3.*1-^ aV 7 ] f-^sl o] 
t^ffj ^^^>^ SBSW2, A^ti h1eeK1(20), ^ ^£5}^](WL<i>)2l ^^7} ^ 

<55> n><^ ojf^ pjjol til BSl-^C 10)^1 *H "0"°]^# SBSWl^: % 

^sJ-^Jl SBSW21- al^^ ^ ^EflolB e]-ol(PL<i>)^ ^# ^HS- ^ 
?.e} < ?!(20)-°-| *i^. T r. "0"°1 £]^S ^1 *i#£H ^ «. WlE5].0]0_ S oi-g, 

"0"°] 7l4:t^m-(Y?l? 16). 

<57> t2, t3 t5 "I" ^ t6 ^Kg- "0" 

^r^H^ ^RrO) t5, t6 el^S^-i- ^^fVcf. n^c-fl t5 ^ 

<59> c n o. ^-^o]| ^ ^ 0]$)o] ^dfl oXo]*\ si] ^ ^-i" 4 

BH)^r £^^14. 511^ ^5§>^ S-f el^^A] € ^£^1(150)1- ol-g-sfl sfl^ 

S.-f* ^lW. sflU ^ ^^^^1 -i <^H(130, 140)1- *l-g-*fl 

<eo> £ 12^ til H^C folded bit line) ^S^l *I|<?1 -f • <>1 iilM ( 120 ) ^ ^ll *k 

^ H <H3H (130)^1 *L«.g. ^vfl ^Jo]c]-. ^oflA^ ^ 
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0)1^1 Hi ^ ^l(10)c>l 443 ^ ^c^^d} tfl-g-44. °M pflo] a]e^ 

tJUOHfe ^IRl ^ ^5.31^1- 71-. ^ofl sfl4^Kr ^f-ol #eflPi3 40} 

40] ^ oi-o] 44. ^1 ^ sjcioiAl >g c^H(i3Q)fe tfl#9j pfl<y € 

^efl oi(i2)4 f-sj^ 7}xi7il 44. el 3^*1 *H«U ^4 **H: ^4^1 511 

o] 44 cil^iBii- fji^c]-. 444 c^ofl 444 44 nMltfl^o] ^1°J H4 

?]x£x£X\ ^HA1J:(MBPD ( SBSWl, SBSW2)# ^^-Tll £4. 4^ l^JE ^£4^ 

^sofl4^ 4^ ^ -r-^ "7fl5i v\)o] 4^40101 *v ^ ois HS ofloi ^14 01^-4 

^ SBSW2_L4 SBSW2_R£: 44 A £°\}*\ °l-§-4fe SBSW2J.4 SBSW2_R^1 tfl-g-^4. 

H 13£ i-g- tilE4o]( open bit line ) ^3.01 nflo] ^ oleflol(i20) ^ aflj ^ 
el^^Al 4 o^^oKiso)-!: 44\£4. «1H4^1 t^H^- 443 ^ ^Helli 
oil ^40} ^ vilBBl-olo] cfl-^tb^-. 444 -S^^r ^ 4tt 
4401 Bflo] wiH4 < y°fl "3^4. 34 43*44 °]Jt£- €4 21^*1 *)1 

(SBSWl, SBSW2 , MBPD)f- ^-°r44. 

*fll ^ 4^4 € <H3H(130)^ ^-g^Rr ^o] ^ 4eflol(i20)sl ^4 ^ 
^12 ^ 34^1 -f «^eflol(i40)^ tfl-g-4^ S-f ^£^1 ^1 ^31°1(150)3 
^2:4 -§^44. a44 S-f el^^Al ^ 01^01(150)^ tfl-g^Rr ^1 ^ € <>13H 
(120)3 -r3--i7.V-El 443 4^44. 
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<63> £ 14 ^ £ I5fe ^ ^4 41 42 ^ ^l^ei^^l 4. 444(140) 

4 m-f .<f 444(150)4 -^-i- 44^14. £ 14t,? #4 - c -( folded) i>lH4^ 

^4 ^ 43144^. _\ii5t- (open) 4B4?1 € 4314*- 44\£4. 

<64> ^. ^aH^A] 71^-^0.5. 4 4^14(150)4 5.^$. 1 

4^ ^ ^2:^ 44 € 4 44 (120)^1 ^« ^ IH^4 4^ *M*1 

-S-444. S-f 4444 ^ ^ E flo](i5 0 )£ 4^44 A-]y ^ #^-0,5. ^€ ^ °I4. 
4# ^HHH 4444 € 4-§-*1-*l ^J^Kl ^ #44H el-tll-^ 

4^ -n-at 4444 s^-7> 4 jL-t^oJ #»]44. 

« 

<66> 5. 16 ^ 5. 17^- £ 42 ^ A] c^l ofl oj^V 42 ^ 4444 ^ eflol(140) 

t 

4 S-f 4444 4. 4^14(150)4 ?2t 44W. £16^r c-ln wlB44 42:^1 
It 44°14oi £i7^r 4H44 t 2 -^^ ^J) o\ efl 4 1- 44\£4. 
<67> A3444A] ^.-f eHel^Ai ^ o^eflol (150)4 S"t4 € n^fe 4 

. * : 

o] ^| c>|4oi(i2o)4 £f-4 4«- 4 ^4 44*1 ^444. 44: £ ^HH 

4fe 41 ^444-cr ^4 4-g-44 afe it 4^14 -g-^4 4444(190)1- 4-§- 
^4444fe 4444^.4 NM0S H^l^cm 4-§-44 44 1t4 ^ntb «_ 
41- ^je^ sfti-4. NM0S s^4^44 44H^ 44 44^ 711444^4 HHS. 
si r J r d *1 it 4444 £41- ^ 01^ Jl44 xl4. °H 44Hv 4*1 4H44 
(20' )4 ^^^l-Ji H.49J4 ^4^4. 
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i 

v 

<68> je 18 ^ £ 19^ 4 1k%$\ *H3 42 ^ c] £ Ki A l 4g <>13H(140) 

4 5L-7- elfi^Ai ^ o),:floi(i50)p-i 44\E4. £18£ I- 3 H i'li : -4^ ~r^l 

4 oH<>H:n. £19^ alH^^ € oM°l# 44W. 

*\ *l-44 &4. aefl-y ^ tiiH^(20')i oj^n t\]°]w.t: 3*1€4. 
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